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(54) VIBRATING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To detect the behavior of 
the elliptic motion of a vibrating body accurately and to 
obtains the excellent driving performance by detecting 
the amplitudes of the bending vibration and the vertical 
vibration of the vibrating body formed by forming a stack 
of an electromechanical energy converting element ands 
an elastic body. 

SOLUTION: At electrode parts 1g and 1h of an electrode 
layer provided at both surface of a vibrating body, 
sensor electrode parts 1 h— 1 and 1h-1, which becomes 
the signal output parts for mechanical-electrical energy 
conversion, and insulating parts 1g-2 and 1h-2 are 
formed. The sensor electrode parts 1 g-1 and 1 h-1 and 
the electrode parts 1g and 1h are not conducted, 
respectively. When alternating voltages are applied to 
the electrode parts 1e and 1f and the electrode parts 1f 
and 1g, the output voltages of the sensor electrode 
parts 1h-1 and and the sensor electrode 1g-1 and the 
amplitudes of the bending vibration and the vertical 

vibration are detected. Thus, the behavior of the elliptic motion of the vibrating body can be 
accurately detected, and the excellent driving performance can be obtained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The alternation signal with which phases differ is supplied to the oscillating object 
which comes to carry out the laminating of the elastic body to electric -mechanical energy sensing 
element, and two or more signal input parts of said sensing element. In the rocking equipment 
which is made to carry out longitudinal oscillation of said oscillating object to crookedness 
vibration, is made to carry out ellipse movement of the operation section by composition of both 
vibration, and enables relative displacement of the contact object in contact with said oscillating 
object, and said oscillating object Rocking equipment characterized by establishing a detection 
means to detect the amplitude of said crookedness vibration of said oscillating object and said 
longitudinal oscillation. 

[Claim 2] The alternation signal with which phases differ is supplied to the oscillating object 
which comes to carry out the laminating of the elastic body to electric mechanical energy sensing 
element, and two or more signal input parts of said sensing element. In the rocking equipment 
which is made to carry out longitudinal oscillation of said oscillating object to crookedness 
vibration, is made to carry out ellipse movement of the operation section by composition of both 
vibration, and enables relative displacement of the contact object in contact with said oscillating 
object, and said oscillating object Rocking equipment characterized by establishing a detection 
means to detect the amplitude of said crookedness vibration of said oscillating object and said 
longitudinal oscillation, and the control means which changes the balance of the supply signal 
intensity to two or more signal input parts of said sensing element based on the output of said 
detection means. 

[Claim 3] The alternation signal with which phases differ is supplied to the oscillating object 
which comes to carry out the laminating of the elastic body to electric-mechanical energy sensing 
element, and two or more signal input parts of said sensing element. In the rocking equipment 
which is made to carry out longitudinal oscillation of said oscillating object to crookedness 
vibration, is made to carry out ellipse movement of the operation section by composition of both 
vibration, and enables relative displacement of the contact object in contact with said oscillating 
object, and said oscillating object Rocking equipment characterized by establishing a detection 
means to detect the amplitude of said crookedness vibration of said oscillating object and said 
longitudinal oscillation, and the control means which changes the phase of the supply signal to 
two or more signal input parts of said sensing element based on the output of said detection 
means. 

[Claim 4] It is rocking equipment according to claim 1, 2, or 3 characterized by having arranged 
said sensing element, having stationed said two or more signal output parts for 
machine-electrical energy conversion in the location of two or more of said knots, and detecting 
the amplitude of said crookedness vibration and longitudinal oscillation based on the output 
from said signal output part so that the location used as the knot of said crookedness vibration 
can do two or more places of said oscillating object. 



1/15 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the rocking equipment using vibration. 
[0002] 

[Description of the Prior Art] Conventionally, as this kind of a motor, there were some which are 
indicated by JP,61-251490,A, JP,6135176,A, and JP,6- 133568, A, for example. According to these 
official reports, it was equipment which is going to acquire a stable drive property by detecting 
the amplitude of an elastic body by preparing sensor equality by the progressive wave type 
ultrasonic motor, changing an input frequency or controlling input voltage. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the configuration of an ellipse is 
undetectable even if the amplitude of ellipse movement to which the oscillating object is actually 
carrying out these equipments is detectable. For example, if it carries out adjustable [ of the 
frequency ], it cannot judge whether the configuration of an ellipse changed whether the 
amplitude of an ellipse became small. Moreover, although changing an input frequency is 
performed in order to control the rate of an ultrasonic motor, depending on a frequency, it 
accelerates suddenly, or the unstable element of stopping is also considered. 
[0004] Moreover, also in the ultrasonic motor of a standing wave mold, it is difficult to control the 
speed in the stable drive property by having detected only the amplitude of vibration of the 
vibrator displaced in the vertical direction. 
[0005] 

[Means for Solving the Problem] The oscillating object with which invention of claim 1 comes to 
carry out the laminating of the elastic body to electric-mechanical energy sensing element, The 
alternation signal with which phases differ is supplied to two or more signal input parts of said 
sensing element. In the rocking equipment which is made to carry out longitudinal oscillation of 
said oscillating object to crookedness vibration, is made to carry out ellipse movement of the 
operation section by composition of both vibration, and enables relative displacement of the 
contact object in contact with said oscillating object, and said oscillating object It is characterized 
by the rocking equipment which established a detection means to detect the amplitude of said 
crookedness vibration of said oscillating object and said longitudinal oscillation. 
[0006] The oscillating object with which invention of claim 2 comes to carry out the laminating of 
the elastic body to electric-mechanical energy sensing element, The alternation signal with 
which phases differ is supplied to two or more signal input parts of said sensing element. In the 
rocking equipment which is made to carry out longitudinal oscillation of said oscillating object to 
crookedness vibration, is made to carry out ellipse movement of the operation section by 
composition of both vibration, and enables relative displacement of the contact object in contact 
with said oscillating object, and said oscillating object It is characterized by the rocking 
equipment which established a detection means to detect the amplitude of said crookedness 
vibration of said oscillating object and said longitudinal oscillation, and the control means which 
changes the balance of the supply signal intensity to two or more signal input parts of said 
sensing element based on the output of said detection means. 

[0007] The oscillating object with which invention of claim 3 comes to carry out the laminating of 
the elastic body to electric-mechanical energy sensing element, The alternation signal with 
which phases differ is supplied to two or more signal input parts of said sensing element. In the 
rocking equipment which is made to carry out longitudinal oscillation of said oscillating object to 
crookedness vibration, is made to carry out ellipse movement of the operation section by 
composition of both vibration, and enables relative displacement of the contact object in contact 
with said oscillating object, and said oscillating object It is characterized by the rocking 
equipment which established a detection means to detect the amplitude of said crookedness 
vibration of said oscillating object and said longitudinal oscillation, and the control means which 
changes the phase of the supply signal to two or more signal input parts of said sensing element 
based on the output of said detection means. 
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[0008] Said sensing element is arranged and two or more signal output parts for 
machine -electrical energy conversion are stationed in the location of two or more of said knots so 
that two or more invention of claim 4 may be made as for the location used as the knot of said 
crookedness vibration to said oscillating object, and it is characterized by the rocking equipment 
which detected the amplitude of said crookedness vibration and longitudinal oscillation based on 
the output from said signal output part. 
[0009] 

[Embodiment of the Invention] 

(Example) In drawing 1 , 1 is an oscillating object and pressurization adhesion of the 
piezoelectric devices la and lb as a tabular energy conversion component of a pair is carried out 
at both the principal planes of elastic body lc formed in tabular with phosphor bronze, brass, etc. 
Moreover, electrical conducting materials, such as nickel and copper, are vapor-deposited by both 
the principal planes of the oscillating object 1, and the electrode layer is formed. The electrode 
layer consists of four polar zone le-lh which carries out insulating division, is formed in the 
location which carries out the longitudinal direction of the oscillating object 1 for 2 minutes, and 
turns into a signal input part for electric - evaporation energy conversion. Furthermore, as 
drawing 2 shows, sensor polar-zone lgl which becomes a signal output part for 
machine -electrical energy conversion, lh-1 and insulating section lg-2, and lh-2 are formed, and 
sensor polar-zone lg-1, lh-1, and polar zone lg and lh are un-flowing at polar zone lg and Ih, 
respectively. Moreover, the location of the principal part of sensor polar-zone lg-1 and lh-1 is 
formed in the back side of the below-mentioned drive child's pasting location. Moreover, sensor 
polar-zone lg-1 and lh-1 are drawn near the **** of the oscillation mode of the oscillating object 
1 (near the longitudinal direction center of the oscillating object l) from a part of principal part. 
It ****** s to elastic body lc, there are section lc l and lc-2, and engagement hole lc-3 and lc-4 
are prepared in the center section of this overhang section. The location of the overhang section 
has become near the **** of the oscillation mode of the oscillating object 1, and has avoided the 
bad influence to the oscillation mode. Furthermore, Id of a total of seven terminal areas is 
attached in polarzonee [ 1 ] lh and sensor electrode lg l, lh-1, and elastic body lc by soldering 
etc. Those locations have become near the **** for the same reason as the above-mentioned. 
[0010] 2a and 2d, it is one pair of drive children formed with phenol resin, an epoxy resin, etc., 
and in order to obtain higher driving force, it is attached in the location of the abdomen of the 
oscillation mode of an oscillating object by adhesion etc. 

[0011] 3 is the pressurization spring formed by phosphor bronze etc., the overhang sections 3a 
and 3b are formed, and engagement hole 3a- 1 and 3b- 1 are prepared in the overhang section, 
respectively. Moreover, it bends in the longitudinal direction both ends of the pressurization 
spring 3, and section 3c- 1 and 3c-2 are prepared. Furthermore, 3d of heights is formed crosswise 
in the center section of the pressurization spring 3. 

[0012] 4 is a guide rail as a contact object formed with stainless steel etc. 

[0013] 5 is a roller and bearing-bar 5a which supports a roller is attached by the approach of 
common knowledge, such as press fit. 

[0014] 6 is the case by which plastics mold processing was carried out, the engagement shanks 
6a and 6b are formed, and Stoppers 6c and 6d are formed in those roots. Moreover, the slots 6g 
and 6h with a little larger width of face than a guide rail 4 are established in the longitudinal 
direction bothends upper part of a case 6. Moreover, slot 6i is prepared in some cases 6. 
Furthermore, Slots 6e and 6f are established in the crosswise both ends of a case 6. 
[0015] 7 is the cap by which plastics mold processing was carried out, and the hole 
(un-illustrating) in which the bearing slot (un-illustrating) which supports bearing-bar 5a to 
revolve, and the engagement shanks 6a and 6b are inserted is prepared. Furthermore, the pieces 
7a and 7b of pinching with a stop pawl are formed in the crosswise both ends of cap 7. 
[0016] Next, the interrelation of each part article is explained. 

[0017] engagement hole 3a- 1 prepared in the engagement shanks 6a and 6b prepared in the case 
6 at the pressurization spring 3, respectively - 3b- 1 engagement (insertion) is carried out. The 
overhang sections 3a and 3b of the pressurization spring 3 are then bent a little by engagement 
shaft orientations, and the engagement shanks 6a and 6b and the fitting backlash of 
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engagement hole 3a- 1 and 3b- 1 are lost. And the pressurization spring 6 is slid and stops until 
bending section 3c- 1 and 3c-2 contact the base of a case. The amount of the maximum deflections 
of the pressurization spring 6 bends until the overhang sections 3a and 3b run against the 
stoppers 6c and 6d of a case 6. 

[0018] The engagement shanks 6a and 6b of a case 6 are inserted in engagement hole lc-3 
prepared in elastic body 1c of the oscillating object 1 next, and lc-4, respectively. Overhang 
section lc 1 is then bent a little by engagement shaft orientations, and the engagement shafts 6a 
and 6b and the fitting backlash of engagement hole lc 3 and lc-4 are lost. And the oscillating 
object 1 is slid until it contacts piezoelectric- device lb of the oscillating object 1 at 3d of heights of 
the pressurization spring 3. 

[0019] Wearing immobilization of the both ends of bearing-bar 5a attached in the roller 5 by 
approaches, such as press fit, is carried out at bearing (un illustrating) prepared in the cap 7. 
[0020] On both sides of a guide rail 4, as the pressurization spring 3, the case 6 where the 
oscillating object 1 was attached, and the case 7 where the roller 5 was attached are crowded 
with the field of a roller 5, and the field of drive child 2a and 2b, they are attached in them. In 
that case, the pieces 7a and 7b of pinching which have the stop pawl formed in the cap 7 are 
guided to the slots 6e and 6f of a case 6, and are attached by the snap fitting. Moreover, then, it 
engages with the engagement shafts 6a and 6b of a case 6, and the hole (un illustrating) 
prepared in the cap 7, and cap 7 is positioned with a case 6. Furthermore, as for a guide rail 4, 
migration crosswise is regulated by the slots 6g and 6h of a case 6. 

[0021] Id of polar-zonee [ 1 ]lh and Ig [ of sensor polar zone ] - 1 or lh - terminal areas prepared 
in 1 and elastic body lc is soldered to lead wire or a flexible printed circuit board, they are pulled 
out in the exterior of a case 6 from slot 6i by which lead wire or a flexible printed circuit board 
was prepared in the case 6, and electric supply and sensing of them become possible by 
connecting lead wire or a flexible printed circuit board in an external drive circuit. 
[0022] The drive principle of the rocking equipment of the gestalt of this operation is explained. 
[0023] Drawing 3 is drawing having shown the piezo electric effect of a piezoelectric device. In 
this drawing, 10 is a piezoelectric device and polarization processing is made from the upper part 
of drawing in the lower part (the direction of the drawing Nakaya mark). Moreover, polar zone 
10a and 10b is given to both sides of a piezoelectric device by vacuum evaporationo processing. 
[0024] Drawing 3 (a) is drawing having shown the situation when impressing - potential to 
polar-zone 10a at + potential and polar-zone 10b. In this case, since electric field are impressed to 
the direction of polarization, i.e., the direction, and the forward direction of polar-zone 10a to 
polar-zone 10b, the amount of elongation according to the magnitude of elongation and electric 
field generates a piezoelectric device in the perpendicular direction to the direction of 
polarization at a piezoelectric device. 

[0025] Drawing 3 (b) is drawing having shown the situation when impressing + potential to 
polar-zone 10a at - potential and polar-zone 10b. In this case, in a piezoelectric device, since 
electric field are impressed to the direction of polarization, i.e., the direction, and hard flow of 
polar-zone 10b to polar-zone 10a, a piezoelectric device is shrunken in the perpendicular 
direction to the direction of polarization, and the amount of shrinkage according to the 
magnitude of electric field occurs. 

[0026] Drawing 3 (c) is drawing having shown the situation when perpendicularly lengthening a 
piezoelectric device according to external force to the direction of polarization. In this case, - 
potential arises in polar-zone 10a at + potential and polar-zone 10b, and the potential difference 
according to the amount of elongation occurs. 

[0027] Drawing 3 (d) is drawing having shown the situation when perpendicularly drawing in 
one's piezoelectric device according to external force to the direction of polarization. In this case, 
+ potential arises in polar-zone 10a at - potential and polar-zone 10b, and the potential difference 
according to the amount of shrinkage occurs. 

[0028] The oscillating object of the rocking equipment of the gestalt of this operation tends to 
excite a standing wave so that ellipse movement may occur to a drive child using these 
piezoelectric phenomena. 

[0029] Drawing 4 is the side elevation of the oscillating object of rocking equipment. As for 
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piezoelectric-device la, polarization processing is performed upwards from the lower part of 
drawing, and, as for piezoelectric -device lb, polarization processing is performed to the lower 
part from the upper part of drawing. Moreover, elastic body lc is connected to the ground. Thus, 
if the alternation electrical potential difference VAof in phase and this amplitude is impressed to 
polar zone le and lh as shown in drawing 5 , and the alternation electrical potential difference 
VB of in phase and this amplitude is impressed to the constituted oscillating object 1 at polar 
zone If and Ig (however, polar zone [ le and lh ] alternation electrical potential differences differ 
in a phase), an oscillating object will develop various behavior according to the piezo electric 
effect. For example, the behavior of the piezoelectric transducer in the time amount tl of 
drawing 5 is equivalent to polar zone le-lh, and since the electrical potential difference of + is 
impressed, as drawing 6 (c) shows, shrinkage arises. Since the electrical potential difference of + 
is impressed to polar zone le and lh and the electrical potential difference of the equivalent is 
impressed to polar zone If and lg for polar zone [ le and lh ] applied voltage and an absolute 
value on the electrical potential difference of -, the behavior of the piezoelectric transducer in the 
time amount t2 of drawing 5 is crooked as drawing 6 (d) shows. 

[0030] The behavior of the piezoelectric transducer in the time amount t3 of drawing 5 is 
equivalent to polar zone le-lh, and since the electrical potential difference of - is impressed, as 
drawing 6 (a) shows, elongation arises. Since the electrical potential difference of - is impressed 
to polar zone le and lh and the electrical potential difference of the equivalent is impressed to 
polar zone If and lg for polar zone [ le and lh ] applied voltage and an absolute value on the 
electrical potential difference of +, the behavior of the oscillating object in the time amount t4 of 
drawing 5 is crooked as drawing 6 (b) shows. 

[0031] When behavior is seen by continuous time amount from the above thing, an oscillating 
object will show the behavior by which flexible movement (longitudinal oscillation) and a 
curvature movement (transverse oscillation) were compounded, and drive child 2a and 2b will 
draw an elliptical orbit. And the hand of cut of the elliptical orbit of drive child 2a and 2b is in 
agreement. Moreover, if the phase of the alternation electrical potential differences VA and VB is 
reversed, the hand of cut of an elliptical orbit will turn into the above-mentioned direction and 
hard flow. 

[0032] If slide members, such as a guide rail, are pressed to drive child 2a which performs ellipse 
movement as mentioned above, and 2b, driving force will occur and a slide member and drive 
children, such as a guide rail, will become movable relatively. If a guide rail is fixed, though 
natural, an oscillating object will move. Moreover, the reverse can also be carried out. 
[0033] The detection approach of of the transverse oscillation and longitudinal oscillation of the 
rocking equipment of this invention is explained. 

[0034] When the piezoelectric device deformed according to the piezo electric effect, it mentioned 
above that the piezo-electricity according to the deformation occurred. Then, the sensor polar 
zone which can supervise the deformation of a piezoelectric device apart from the electrode for a 
drive on the oscillating object of rocking equipment was prepared, and how to detect transverse 
oscillation and longitudinal oscillation was considered. The magnitude in the time amount of the 
arbitration of transverse oscillation (crookedness vibration) is decided by the amount of 
elongation of the piezoelectric device by polar zone [ in the time amount of arbitration / le and 
lh ] applied voltage (or the amount of shrinkage), and the amount of contractions of the 
piezoelectric device by polar zone [ If and lg ] applied voltage (or the amount of elongation). That 
is, it can express with the difference of the output voltage SA of sensor polar-zone lh-1, and the 
output voltage SB of sensor electrode lg-1. 

[0035] Moreover, the magnitude in the time amount of the arbitration of longitudinal oscillation 
is decided by the amount of elongation of the piezoelectric device by polar zone [ in the time 
amount of arbitration / le and lh ] applied voltage (or the amount of shrinkage), and the amount 
of contractions of the piezoelectric device by polar zone [ If and lg ] applied voltage (or the 
amount of elongation). That is, it can express by the sum of the output voltage SA of sensor 
polar-zone lh-1, and the output voltage SB of sensor electrode lg-1. 

[0036] Drawing 7 shows the voltage waveform of SA+SB showing SA-SB showing the output 
voltage SB of sensor polar-zone lg-1 when impressing the alternation electrical potential 
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difference VA shown in drawing 5 to the polar zone le and Ih of the oscillating object 1, and 
impressing the alternation electrical potential difference VB shown in drawing 5 to polar zone If 
and lg, the output voltage SA of sensor polar-zone lg-1, and transverse oscillation, and 
longitudinal oscillation. 

[0037] If an axis of abscissa is met in SA+SB, time amount is met for an axis of ordinate in 
SA-SB and a curve is made to draw, it will become like drawing 8 . This curve is right and 
expresses a drive child's elliptical orbit. 

[0038] As mentioned above, it turns out that the behavior of transverse oscillation and 
longitudinal oscillation is known and a drive child's elliptical orbit can be expressed by detecting 
the output voltage SA of sensor polar-zone lhl, and the output voltage SB of sensor polar-zone 
lg-1. 

[0039] By the way, the tangential velocity of the wave front of ellipse movement changes with 
configurations of an elliptical orbit. For example, to PI point [ of the elliptical orbit of drawing 9 
(a) ] tangential velocity, P2 point [ of the elliptical orbit of drawing 9 (b) ] tangential velocity 
becomes slow, and P3 point [ of the elliptical orbit of drawing 9 (c) ] tangential velocity becomes 
quick. Therefore, supposing the elliptical orbit of drawing 9 is a motion of a drive child, by 
changing the configuration of an elliptical orbit, I hear that relative velocity with shde members, 
such as a guide rail, can be changed, and it is. 

[0040] Then, polar zone It considered changing the configuration of a drive child's elliptical orbit 
and changing relative velocity with a shde member by changing the phase contrast and the gain 
of the impression alternation electrical potential difference (le and lh) VA and the polar zone [ If 
and lg ] impression alternation electrical potential difference VB. 

[0041] First, the amplitude of VA and VB is made regularity (the amplitude of SA and SB is also 
theoretically fixed), and if the elliptical orbit when changing phase contrast is made to draw, it 
will become like drawing 10 12. 

[0042] the phase contrast of VA and VB in drawing 10 - alpha (the phase contrast of SA and SB 
** -- theoretic - alpha --) the phase contrast of VA and VB in 0 degree < alpha< 180 degrees and 
drawing 11 - beta (the phase contrast of SA and SB - theoretic beta --) If phase contrast of VA 
and VB in 0 degree < beta< 180 degrees and drawing 12 is set to gamma (the phase contrast of 
SAand SB is also gamma and 0 degree < gamma< 180 degrees theoretically), the configuration of 
an elliptical orbit will become longwise by considering as beta>alpha compared with the time of 
phase contrast alpha. Moreover, the configuration of an elliptical orbit becomes longwise by 
considering as gamma<alpha compared with the time of phase contrast alpha. 
[0043] If the amplitude of VA and VB is fixed and phase contrast is changed from the above thing, 
the configuration of an elliptical orbit will change and the tangential velocity of the wave front of 
an elliptical orbit will change. That is, the tangential velocity of a drive child's elliptical orbit can 
be changed, and relative velocity with slide members, such as a guide rail, can be changed to 
arbitration. 

[0044] If the phase contrast of VA and VB is set as 90 degrees and the gain of VA and VB is 
changed next, it will become like drawing 13 , drawing 14 , and drawing 15 . 
[0045] The amplitude of the output voltage SA and SB of the sensor polar zone according to the 
amplitude of an impression alternation electrical potential difference is set to a3 and b3 in a2, b2, 
and drawing 15 in al, bl, and drawing 14 in drawing 13 , respectively. 

[0046] | If the amplitude of an impression alternation electrical potential difference is adjusted 
so that it may become al I = I a2 1 = | a3 1 = | bl I > I b2 | > | b3 1 , and each elliptical orbit is compared, 
compared with the time of bl, the configuration of the elliptical orbit at the time of b2 will 
become a little long and slender. Moreover, in the case of b3, it becomes a still more long and 
slender configuration. 

[0047] If the phase contrast of VA and VB is set as 90 degrees and the gain of VA and VB is 
changed from the above thing, the configuration of an elliptical orbit will change and the 
tangential velocity of the wave front of an elliptical orbit will change. That is, the tangential 
velocity of a drive child's elliptical orbit can be changed, and relative velocity with slide members, 
such as a guide rail, can be changed to arbitration. 
[0048] Next, the configuration about control is shown. 
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[0049] Drawing 16 is the circuit block diagram showing the gestalt of operation of this invention. 
[0050] Dividing of the high frequency signal higher than the drive frequency outputted from the 
oscillator 21 is carried out to a predetermined frequency, it is changed into counting* down 
circuits 22 and 23 at drive frequency, and is outputted to a driver A24 and a driver B25. Drivers 
A24 and B25 amplify the signal acquired from the counting-down circuit, and impress it to an 
ultrasonic motor 1 (as specifically mentioned above, impressed to the polar zone of a piezoelectric 
device). Moreover, when a signal is impressed to an ultrasonic motor, it will resonate between 
coil 24a, coil 25b, and a piezoelectric device, and an electrical potential difference higher than the 
electrical potential difference inputted into drivers A24 and B25 will be impressed to a 
piezoelectric device. The output voltage from the sensor polar zone according to the behavior of 
the piezoelectric device at this time is detected, an adder circuit 27 performs A+B, longitudinal 
oscillation is detected, a subtracter circuit 28 performs A-B, and crookedness (width) vibration is 
detected. The longitudinal oscillation and crookedness (width) vibration which were detected 
output the result which it was sent to the phase comparator 29 and the magnitude -comparison 
machine 30, and was compared, respectively to a microcomputer 26. A microcomputer 26 judges 
the behavior of an ellipse from the inputted phase contrast and an amplitude difference, and it 
outputs a signal so that the behavior of an ellipse may be adjusted to a phase shifter 31 and a 
driver B25, respectively. 

[0051] For example, the magnitude -comparison machine 30 carries out half- wave rectification of 
the signal of A+B and A-B shown with a sine wave function like drawing 17 (a), respectively, it is 
changed into a dc component, is changed into amplitude value, and compares by performing A/D 
conversion with a microcomputer 26. 

[0052] Then, the phase contrast of input signals A and B is changed with a phase shifter 31 from 
the obtained gain. For example, before inputting the clock from an oscillator 21 into counter 
A22a and counter B23a like drawing 18 , the initial value in the direction of counter B23a is set 
up, and phase contrast with counter A22a is set up. Then, if a clock is inputted into Counters A 
and B and it is in agreement as compared with a predetermined compound value, Counters A 
and B will be cleared. A phase will shift to a part for initial value, and a usual state by this. 
Dividing of the signal acquired from Comparator A, B-22b, and 23b is carried out with 
counting-down circuits 22c and 23c, and it changes into the square wave of 50% of duty ratio, 
and outputs to a driver A24 and a driver B25. The phase contrast of a driving signal can be 
changed into arbitration by this. 

[0053] Moreover, a phase comparator 29 changes A+B and A-B into a square wave with a 
hysteresis comparator like drawing 17 (b) as compared with a reference value. The signal with 
which only the time amount for through phase contrast turns on EXOR29c for the changed 
square wave can be made, and phase contrast can be judged with the number of the reference 
clocks in the microcomputer within the time amount. 

[0054] Moreover, from the acquired phase contrast, a microcomputer 26 changes the electrical 
potential difference impressed to a driver B25, and adjusts the behavior of an ellipse. For 
example, DC to DC converter 25a has determined the power source of Driver B. In this case, in 
order to control the electrical potential difference which a DC to DC converter outputs, the 
electrical potential difference outputted by comparator 26b of drawing 19 is controllable by the 
electrical potential difference which a microcomputer outputs. 

[0055] By the above-mentioned explanation, it becomes possible to actually adjust the behavior 
(locus) of an ellipse, and it is stabilized and speed control of an ultrasonic motor can be 
performed. 
[0056] 

[Effect of the Invention] According to invention of claim 1, the behavior of ellipse movement of an 
oscillating object can be detected correctly, and control for obtaining the good drive engine 
performance can be enabled. 

[0057] According to invention of claim 2, the behavior of ellipse movement of an oscillating object 
can be detected correctly, and speed control becomes possible by changing the form of the 
elliptical orbit of ellipse movement by the detection result further. 

[0058] According to invention of claim 3, the behavior of ellipse movement of an oscillating object 
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can be detected correctly, and speed control becomes possible by changing the form of the 
elliptical orbit of ellipse movement by the detection result further. 

[0059] According to invention of claim 4, crookedness vibration of an oscillating object and 
longitudinal oscillation are correctly detectable. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the rocking equipment using vibration. 



PRIOR ART 

[Description of the Prior Art] Conventionally, as this kind of a motor, there were some which are 
indicated by JP, 61 -25 1490, A, JP,6135176,A, and JP,6 133568,A, for example. According to these 
official reports, it was equipment which is going to acquire a stable drive property by detecting 
the amplitude of an elastic body by preparing sensor equality by the progressive wave type 
ultrasonic motor, changing an input frequency or controlling input voltage. 



EFFECT OF THE INVENTION 



[Effect of the Invention] According to invention of claim 1, the behavior of ellipse movement of an 
oscillating object can be detected correctly, and control for obtaining the good drive engine 
performance can be enabled. 

[0057] According to invention of claim 2, the behavior of ellipse movement of an oscillating object 
can be detected correctly, and speed control becomes possible by changing the form of the 
elliptical orbit of ellipse movement by the detection result further. 

[0058] According to invention of claim 3, the behavior of ellipse movement of an oscillating object 
can be detected correctly, and speed control becomes possible by changing the form of the 
elliptical orbit of ellipse movement by the detection result further. 

[0059] According to invention of claim 4, crookedness vibration of an oscillating object and 
longitudinal oscillation are correctly detectable. 



TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, the configuration of an ellipse is 
undetectable even if the amplitude of ellipse movement to which the oscillating object is actually 
carrying out these equipments is detectable. For example, if it carries out adjustable [ of the 
frequency ], it cannot judge whether the configuration of an ellipse changed whether the 
amplitude of an ellipse became small. Moreover, although changing an input frequency is 
performed in order to control the rate of an ultrasonic motor, depending on a frequency, it 
accelerates suddenly, or the unstable element of stopping is also considered. 
[0004] Moreover, also in the ultrasonic motor of a standing wave mold, it is difficult to control the 
speed in the stable drive property by having detected only the amplitude of vibration of the 
vibrator displaced in the vertical direction. 



MEANS 



[Means for Solving the Problem] The oscillating object with which invention of claim 1 comes to 
carry out the laminating of the elastic body to electric-mechanical energy sensing element, The 
alternation signal with which phases differ is supplied to two or more signal input parts of said 
sensing element. In the rocking equipment which is made to carry out longitudinal oscillation of 
said oscillating object to crookedness vibration, is made to carry out ellipse movement of the 
operation section by composition of both vibration, and enables relative displacement of the 
contact object in contact with said oscillating object, and said oscillating object It is characterized 
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by the rocking equipment which established a detection means to detect the amplitude of said 
crookedness vibration of said oscillating object and said longitudinal oscillation. 
[0006] The oscillating object with which invention of claim 2 comes to carry out the laminating of 
the elastic body to electric-mechanical energy sensing element, The alternation signal with 
which phases differ is supplied to two or more signal input parts of said sensing element. In the 
rocking equipment which is made to carry out longitudinal oscillation of said oscillating object to 
crookedness vibration, is made to carry out ellipse movement of the operation section by 
composition of both vibration, and enables relative displacement of the contact object in contact 
with said oscillating object, and said oscillating object It is characterized by the rocking 
equipment which established a detection means to detect the amplitude of said crookedness 
vibration of said oscillating object and said longitudinal oscillation, and the control means which 
changes the balance of the supply signal intensity to two or more signal input parts of said 
sensing element based on the output of said detection means. 

[0007] The oscillating object with which invention of claim 3 comes to carry out the laminating of 
the elastic body to electric-mechanical energy sensing element, The alternation signal with 
which phases differ is supplied to two or more signal input parts of said sensing element. In the 
rocking equipment which is made to carry out longitudinal oscillation of said oscillating object to 
crookedness vibration, is made to carry out ellipse movement of the operation section by 
composition of both vibration, and enables relative displacement of the contact object in contact 
with said oscillating object, and said oscillating object It is characterized by the rocking 
equipment which established a detection means to detect the amplitude of said crookedness 
vibration of said oscillating object and said longitudinal oscillation, and the control means which 
changes the phase of the supply signal to two or more signal input parts of said sensing element 
based on the output of said detection means. 

[0008] Said sensing element is arranged and two or more signal output parts for 
machine -electrical energy conversion are stationed in the location of two or more of said knots so 
that two or more invention of claim 4 may be made as for the location used as the knot of said 
crookedness vibration to said oscillating object, and it is characterized by the rocking equipment 
which detected the amplitude of said crookedness vibration and longitudinal oscillation based on 
the output from said signal output part. 
[0009] 

[Embodiment of the Invention] 



EXAMPLE 



(Example) In drawing 1 , 1 is an oscillating object and pressurization adhesion of the 
piezoelectric devices la and lb as a tabular energy conversion component of a pair is carried out 
at both the principal planes of elastic body lc formed in tabular with phosphor bronze, brass, etc. 
Moreover, electrical conducting materials, such as nickel and copper, are vapor-deposited by both 
the principal planes of the oscillating object 1, and the electrode layer is formed. The electrode 
layer consists of four polar zone le-lh which carries out insulating division, is formed in the 
location which carries out the longitudinal direction of the oscillating object 1 for 2 minutes, and 
turns into a signal input part for electric - evaporation energy conversion. Furthermore, as 
drawing 2 shows, sensor polar-zone lg-1 which becomes a signal output part for 
machine-electrical energy conversion, lh-1 and insulating section lg-2, and lh-2 are formed, and 
sensor polar-zone lg-1, lh-1, and polar zone lg and lh are un-flowing at polar zone lg and lh, 
respectively. Moreover, the location of the principal part of sensor polar-zone lg-1 and lh-1 is 
formed in the back side of the below-mentioned drive child's pasting location. Moreover, sensor 
polar-zone lg-1 and lh-1 are drawn near the **** of the oscillation mode of the oscillating object 
1 (near the longitudinal direction center of the oscillating object l) from a part of principal part. 
It ****** s to elastic body lc, there are section lc l and lc-2, and engagement hole lc-3 and lc-4 
are prepared in the center section of this overhang section. The location of the overhang section 
has become near the **** of the oscillation mode of the oscillating object 1, and has avoided the 
bad influence to the oscillation mode. Furthermore, Id of a total of seven terminal areas is 
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attached in polar-zonee [ 1 ]-lh and sensor electrode lg-1, lhl, and elastic body lc by soldering 
etc. Those locations have become near the **** for the same reason as the above-mentioned. 
[0010] 2a and 2d, it is one pair of drive children formed with phenol resin, an epoxy resin, etc., 
and in order to obtain higher driving force, it is attached in the location of the abdomen of the 
oscillation mode of an oscillating object by adhesion etc. 

[0011] 3 is the pressurization spring formed by phosphor bronze etc., the overhang sections 3a 
and 3b are formed, and engagement hole 3a- 1 and 3b- 1 are prepared in the overhang section, 
respectively. Moreover, it bends in the longitudinal direction both ends of the pressurization 
spring 3, and section 3c- 1 and 3c-2 are prepared. Furthermore, 3d of heights is formed crosswise 
in the center section of the pressurization spring 3. 

[0012] 4 is a guide rail as a contact object formed with stainless steel etc. 

[0013] 5 is a roller and bearing-bar 5a which supports a roller is attached by the approach of 
common knowledge, such as press fit. 

[0014] 6 is the case by which plastics mold processing was carried out, the engagement shanks 
6a and 6b are formed, and Stoppers 6c and 6d are formed in those roots. Moreover, the slots 6g 
and 6h with a little larger width of face than a guide rail 4 are established in the longitudinal 
direction both-ends upper part of a case 6. Moreover, slot 6i is prepared in some cases 6. 
Furthermore, Slots 6e and 6f are established in the crosswise both ends of a case 6. 
[0015] 7 is the cap by which plastics mold processing was carried out, and the hole 
(un-illustrating) in which the bearing slot (un-illustrating) which supports bearing-bar 5a to 
revolve, and the engagement shanks 6a and 6b are inserted is prepared. Furthermore, the pieces 
7a and 7b of pinching with a stop pawl are formed in the crosswise both ends of cap 7. 
[0016] Next, the interrelation of each part article is explained. 

[0017] engagement hole 3a- 1 prepared in the engagement shanks 6a and 6b prepared in the case 
6 at the pressurization spring 3, respectively - 3b- 1 engagement (insertion) is carried out. The 
overhang sections 3a and 3b of the pressurization spring 3 are then bent a little by engagement 
shaft orientations, and the engagement shanks 6a and 6b and the fitting backlash of 
engagement hole 3a- 1 and 3b- 1 are lost. And the pressurization spring 6 is slid and stops until 
bending section 3c- 1 and 3c-2 contact the base of a case. The amount of the maximum deflections 
of the pressurization spring 6 bends until the overhang sections 3a and 3b run against the 
stoppers 6c and 6d of a case 6. 

[0018] The engagement shanks 6a and 6b of a case 6 are inserted in engagement hole lc-3 
prepared in elastic body lc of the oscillating object 1 next, and lc-4, respectively. Overhang 
section lc l is then bent a little by engagement shaft orientations, and the engagement shafts 6a 
and 6b and the fitting backlash of engagement hole lc-3 and lc-4 are lost. And the oscillating 
object 1 is slid until it contacts piezoelectric-device lb of the oscillating object 1 at 3d of heights of 
the pressurization spring 3. 

[0019] Wearing immobilization of the both ends of bearing-bar 5a attached in the roller 5 by 
approaches, such as press fit, is carried out at bearing (un-illustrating) prepared in the cap 7. 
[0020] On both sides of a guide rail 4, as the pressurization spring 3, the case 6 where the 
oscillating object 1 was attached, and the case 7 where the roller 5 was attached are crowded 
with the field of a roller 5, and the field of drive child 2a and 2b, they are attached in them. In 
that case, the pieces 7a and 7b of pinching which have the stop pawl formed in the cap 7 are 
guided to the slots 6e and 6f of a case 6, and are attached by the snap fitting. Moreover, then, it 
engages with the engagement shafts 6a and 6b of a case 6, and the hole (un-illustrating) 
prepared in the cap 7, and cap 7 is positioned with a case 6. Furthermore, as for a guide rail 4, 
migration crosswise is regulated by the slots 6g and 6h of a case 6. 

[0021] Id of polar-zonee [ 1 ] lh and lg [ of sensor polar zone ] - 1 or Ih - terminal areas prepared 
in 1 and elastic body lc is soldered to lead wire or a flexible printed circuit board, they are pulled 
out in the exterior of a case 6 from slot 6i by which lead wire or a flexible printed circuit board 
was prepared in the case 6, and electric supply and sensing of them become possible by 
connecting lead wire or a flexible printed circuit board in an external drive circuit. 
[0022] The drive principle of the rocking equipment of the gestalt of this operation is explained. 
[0023] Drawing 3 is drawing having shown the piezo -electric effect of a piezoelectric device. In 
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this drawing, 10 is a piezoelectric device and polarization processing is made from the upper part 
of drawing in the lower part (the direction of the drawing Nakaya mark). Moreover, polar zone 
10a and 10b is given to both sides of a piezoelectric device by vacuum evaporation© processing. 
[0024] Drawing 3 (a) is drawing having shown the situation when impressing - potential to 
polar-zone 10a at + potential and polar-zone 10b. In this case, since electric field are impressed to 
the direction of polarization, i.e., the direction, and the forward direction of polar-zone 10a to 
polar-zone 10b, the amount of elongation according to the magnitude of elongation and electric 
field generates a piezoelectric device in the perpendicular direction to the direction of 
polarization at a piezoelectric device. 

[0025] Drawing 3 (b) is drawing having shown the situation when impressing + potential to 
polar-zone 10a at - potential and polar-zone 10b. In this case, in a piezoelectric device, since 
electric field are impressed to the direction of polarization, i.e., the direction, and hard flow of 
polar-zone 10b to polar- zone 10a, a piezoelectric device is shrunken in the perpendicular 
direction to the direction of polarization, and the amount of shrinkage according to the 
magnitude of electric field occurs. 

[0026] Drawing 3 (c) is drawing having shown the situation when perpendicularly lengthening a 
piezoelectric device according to external force to the direction of polarization. In this case, - 
potential arises in polar-zone 10a at + potential and polar-zone 10b, and the potential difference 
according to the amount of elongation occurs. 

[0027] Drawing 3 (d) is drawing having shown the situation when perpendicularly drawing in 
one's piezoelectric device according to external force to the direction of polarization. In this case, 
+ potential arises in polar-zone 10a at - potential and polar-zone 10b, and the potential difference 
according to the amount of shrinkage occurs. 

[0028] The oscillating object of the rocking equipment of the gestalt of this operation tends to 
excite a standing wave so that ellipse movement may occur to a drive child using these 
piezoelectric phenomena. 

[0029] Drawing 4 is the side elevation of the oscillating object of rocking equipment. As for 
piezoelectric-device la, polarization processing is performed upwards from the lower part of 
drawing, and, as for piezoelectric-device lb, polarization processing is performed to the lower 
part from the upper part of drawing. Moreover, elastic body lc is connected to the ground. Thus, 
if the alternation electrical potential difference VAof in phase and this amplitude is impressed to 
polar zone le and lh as shown in drawing 5 , and the alternation electrical potential difference 
VB of in phase and this amplitude is impressed to the constituted oscillating object 1 at polar 
zone If and Ig (however, polar zone [ le and lh ] alternation electrical potential differences differ 
in a phase), an oscillating object will develop various behavior according to the piezo electric 
effect. For example, the behavior of the piezoelectric transducer in the time amount tl of 
drawing 5 is equivalent to polar zone le-lh, and since the electrical potential difference of + is 
impressed, as drawing 6 (c) shows, shrinkage arises. Since the electrical potential difference of + 
is impressed to polar zone le and lh and the electrical potential difference of the equivalent is 
impressed to polar zone If and Ig for polar zone [ le and lh ] applied voltage and an absolute 
value on the electrical potential difference of the behavior of the piezoelectric transducer in the 
time amount t2 of drawing 5 is crooked as drawing 6 (d) shows. 

[0030] The behavior of the piezoelectric transducer in the time amount t3 of drawing 5 is 
equivalent to polar zone le-lh, and since the electrical potential difference of - is impressed, as 
drawing 6 (a) shows, elongation arises. Since the electrical potential difference of - is impressed 
to polar zone le and lh and the electrical potential difference of the equivalent is impressed to 
polar zone If and lg for polar zone [ le and lh ] applied voltage and an absolute value on the 
electrical potential difference of +, the behavior of the oscillating object in the time amount t4 of 
drawing 5 is crooked as drawing 6 (b) shows. 

[0031] When behavior is seen by continuous time amount from the above thing, an oscillating 
object will show the behavior by which flexible movement (longitudinal oscillation) and a 
curvature movement (transverse oscillation) were compounded, and drive child 2a and 2b will 
draw an elliptical orbit. And the hand of cut of the elliptical orbit of drive child 2a and 2b is in 
agreement. Moreover, if the phase of the alternation electrical potential differences VA and VB is 
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reversed, the hand of cut of an elliptical orbit will turn into the above-mentioned direction and 
hard flow. 

[0032] If elide members, such as a guide rail, are pressed to drive child 2a which performs ellipse 
movement as mentioned above, and 2b, driving force will occur and a slide member and drive 
children, such as a guide rail, will become movable relatively. If a guide rail is fixed, though 
natural, an oscillating object will move. Moreover, the reverse can also be carried out. 
[0033] The detection approach of of the transverse oscillation and longitudinal oscillation of the 
rocking equipment of this invention is explained. 

[0034] When the piezoelectric device deformed according to the piezo-electric effect, it mentioned 
above that the piezo electricity according to the deformation occurred. Then, the sensor polar 
zone which can supervise the deformation of a piezoelectric device apart from the electrode for a 
drive on the oscillating object of rocking equipment was prepared, and how to detect transverse 
oscillation and longitudinal oscillation was considered. The magnitude in the time amount of the 
arbitration of transverse oscillation (crookedness vibration) is decided by the amount of 
elongation of the piezoelectric device by polar zone [ in the time amount of arbitration / le and 
lh ] applied voltage (or the amount of shrinkage), and the amount of contractions of the 
piezoelectric device by polar zone [ If and lg ] applied voltage (or the amount of elongation). That 
is, it can express with the difference of the output voltage SA of sensor polar-zone lh-1, and the 
output voltage SB of sensor electrode lg-1. 

[0035] Moreover, the magnitude in the time amount of the arbitration of longitudinal oscillation 
is decided by the amount of elongation of the piezoelectric device by polar zone [ in the time 
amount of arbitration / le and lh ] applied voltage (or the amount of shrinkage), and the amount 
of contractions of the piezoelectric device by polar zone [ If and lg ] applied voltage (or the 
amount of elongation). That is, it can express by the sum of the output voltage SA of sensor 
polar-zone lh-1, and the output voltage SB of sensor electrode lg-1. 

[0036] Drawing 7 shows the voltage waveform of SA+SB showing SA-SB showing the output 
voltage SB of sensor polar-zone lg-1 when impressing the alternation electrical potential 
difference VA shown in drawing 5 to the polar zone le and lh of the oscillating object 1, and 
impressing the alternation electrical potential difference VB shown in drawing 5 to polar zone If 
and lg, the output voltage SA of sensor polar-zone lg-1, and transverse oscillation, and 
longitudinal oscillation. 

[0037] If an axis of abscissa is met in SA+SB, time amount is met for an axis of ordinate in 
SA-SB and a curve is made to draw, it will become like drawing 8 . This curve is right and 
expresses a drive chiles elliptical orbit. 

[0038] As mentioned above, it turns out that the behavior of transverse oscillation and 
longitudinal oscillation is known and a drive child's elliptical orbit can be expressed by detecting 
the output voltage SA of sensor polar-zone lh-1, and the output voltage SB of sensor polar-zone 
lg-1. 

[0039] By the way, the tangential velocity of the wave front of ellipse movement changes with 
configurations of an elliptical orbit. For example, to PI point [ of the elliptical orbit of drawing 9 
(a) ] tangential velocity, P2 point [ of the elliptical orbit of drawing 9 (b) ] tangential velocity 
becomes slow, and P3 point [ of the elliptical orbit of drawing 9 (c) ] tangential velocity becomes 
quick. Therefore, supposing the elliptical orbit of drawing 9 is a motion of a drive child, by 
changing the configuration of an elliptical orbit, I hear that relative velocity with slide members, 
such as a guide rail, can be changed, and it is. 

[0040] Then, polar zone It considered changing the configuration of a drive child's elliptical orbit 
and changing relative velocity with a slide member by changing the phase contrast and the gain 
of the impression alternation electrical potential difference (le and lh) VAand the polar zone [ If 
and lg ] impression alternation electrical potential difference VB. 

[0041] First, the amplitude of VA and VB is made regularity (the amplitude of SA and SB is also 
theoretically fixed), and if the elliptical orbit when changing phase contrast is made to draw, it 
will become like drawing 10 -12. 

[0042] the phase contrast of VA and VB in drawing 10 - alpha (the phase contrast of SA and SB 
** - theoretic - alpha -) the phase contrast of VA and VB in 0 degree < alpha< 180 degrees and 
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drawing 11 - beta (the phase contrast of SA and SB - theoretic - beta --) If phase contrast of VA 
and VB in 0 degree < beta< 180 degrees and drawing 12 is set to gamma (the phase contrast of 
SA and SB is also gamma and 0 degree < gamma< 180 degrees theoretically), the configuration of 
an elliptical orbit will become longwise by considering as beta>alpha compared with the time of 
phase contrast alpha. Moreover, the configuration of an elliptical orbit becomes longwise by 
considering as gamma<alpha compared with the time of phase contrast alpha. 
[0043] If the amplitude of VA and VB is fixed and phase contrast is changed from the above thing, 
the configuration of an elliptical orbit will change and the tangential velocity of the wave front of 
an elliptical orbit will change. That is, the tangential velocity of a drive child's elliptical orbit can 
be changed, and relative velocity with slide members, such as a guide rail, can be changed to 
arbitration. 

[0044] If the phase contrast of VA and VB is set as 90 degrees and the gain of VA and VB is 
changed next, it will become like drawing 13 , drawing 14 , and drawing 15 . 
[0045] The amplitude of the output voltage SA and SB of the sensor polar zone according to the 
amplitude of an impression alternation electrical potential difference is set to a3 and b3 in a2, b2, 
and drawing 15 in al, bl, and drawing 14 in drawing 13 , respectively. 

[0046] I If the amplitude of an impression alternation electrical potential difference is adjusted 
so that it may become al I = I a2 1 = | a3 1 = I bl I > I b2 1 > | b3 1 , and each elliptical orbit is compared, 
compared with the time of bl, the configuration of the elliptical orbit at the time of b2 will 
become a little long and slender. Moreover, in the case of b3, it becomes a still more long and 
slender configuration. 

[0047] If the phase contrast of VA and VB is set as 90 degrees and the gain of VA and VB is 
changed from the above thing, the configuration of an elliptical orbit will change and the 
tangential velocity of the wave front of an elliptical orbit will change. That is, the tangential 
velocity of a drive child's elliptical orbit can be changed, and relative velocity with slide members, 
such as a guide rail, can be changed to arbitration. 
[0048] Next, the configuration about control is shown. 

[0049] Drawing 16 is the circuit block diagram showing the gestalt of operation of this invention. 
[0050] Dividing of the high frequency signal higher than the drive frequency outputted from the 
oscillator 21 is carried out to a predetermined frequency, it is changed into counting-down 
circuits 22 and 23 at drive frequency, and is outputted to a driver A24 and a driver B25. Drivers 
A24 and B25 amplify the signal acquired from the counting-down circuit, and impress it to an 
ultrasonic motor 1 (as specifically mentioned above, impressed to the polar zone of a piezoelectric 
device). Moreover, when a signal is impressed to an ultrasonic motor, it will resonate between 
coil 24a, coil 25b, and a piezoelectric device, and an electrical potential difference higher than the 
electrical potential difference inputted into drivers A24 and B25 will be impressed to a 
piezoelectric device. The output voltage from the sensor polar zone according to the behavior of 
the piezoelectric device at this time is detected, an adder circuit 27 performs A+B, longitudinal 
oscillation is detected, a subtracter circuit 28 performs A-B, and crookedness (width) vibration is 
detected. The longitudinal oscillation and crookedness (width) vibration which were detected 
output the result which it was sent to the phase comparator 29 and the magnitude -comparison 
machine 30, and was compared, respectively to a microcomputer 26. A microcomputer 26 judges 
the behavior of an ellipse from the inputted phase contrast and an amplitude difference, and it 
outputs a signal so that the behavior of an ellipse may be adjusted to a phase shifter 31 and a 
driver B25, respectively. 

[0051] For example, the magnitude -comparison machine 30 carries out half-wave rectification of 
the signal of A+B and A-B shown with a sine wave function like drawing 17 (a), respectively, it is 
changed into a dc component, is changed into amplitude value, and compares by performing A/D 
conversion with a microcomputer 26. 

[0052] Then, the phase contrast of input signals A and B is changed with a phase shifter 31 from 
the obtained gain. For example, before inputting the clock from an oscillator 21 into counter 
A22a and counter B23a like drawing 18 , the initial value in the direction of counter B23a is set 
up, and phase contrast with counter A22a is set up. Then, if a clock is inputted into Counters A 
and B and it is in agreement as compared with a predetermined compound value, Counters A 
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and B will be cleared. A phase will shift to a part for initial value, and a usual state by this. 
Dividing of the signal acquired from Comparator A, B-22b, and 23b is carried out with 
counting-down circuits 22c and 23c, and it changes into the square wave of 50% of duty ratio, 
and outputs to a driver A24 and a driver B25. The phase contrast of a driving signal can be 
changed into arbitration by this. 

[0053] Moreover, a phase comparator 29 changes A+B and A B into a square wave with a 
hysteresis comparator like drawing 17 (b) as compared with a reference value. The signal with 
which only the time amount for through phase contrast turns on EXOR29c for the changed 
square wave can be made, and phase contrast can be judged with the number of the reference 
clocks in the microcomputer within the time amount. 

[0054] Moreover, from the acquired phase contrast, a microcomputer 26 changes the electrical 
potential difference impressed to a driver B25, and adjusts the behavior of an ellipse. For 
example, DC to DC converter 25a has determined the power source of Driver B. In this case, in 
order to control the electrical potential difference which a DC to DC converter outputs, the 
electrical potential difference outputted by comparator 26b of drawing 19 is controllable by the 
electrical potential difference which a microcomputer outputs. 

[0055] By the above-mentioned explanation, it becomes possible to actually adjust the behavior 
(locus) of an ellipse, and it is stabilized and speed control of an ultrasonic motor can be 
performed. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll The decomposition perspective view showing the configuration of the rocking 
equipment of the gestalt of this operation. 

[Drawing 2] Drawing showing the sensor polar zone of the oscillating object of the rocking 
equipment of drawing 1 . 

[Drawing 3l The explanatory view showing the piezo -electric effect. 

[Drawing 41 The side elevation of the oscillating object of the rocking equipment of drawing 1 . 
[Drawing 51 Drawing showing the alternation voltage waveform impressed to the oscillating 
object of the rocking equipment of drawing 1 . 

[Drawing 61 Drawing showing the behavior of the oscillating object of the rocking equipment of 
drawing 1 . 

[Drawing 71 Drawing showing the output voltage wave of the sensor polar zone of the oscillating 
object of the rocking equipment of drawing 1 , and the voltage waveform showing horizontal 
(crookedness) vibration and longitudinal oscillation. 

[Drawing 8] Drawing which compounded the voltage waveform showing horizontal (crookedness) 
vibration and longitudinal oscillation. 

[Drawing 91 Drawing showing the configuration of an elliptical orbit, and the tangential velocity 
of the wave front. 

[Drawing 101 Drawing showing the situation of transverse oscillation and longitudinal 
oscillation with the output voltage wave of the sensor polar zone when changing the phase 
contrast and the gain of applied voltage. 

[Drawing 11] Drawing showing the situation of transverse oscillation and longitudinal 
oscillation with the output voltage wave of the sensor polar zone when changing the phase 
contrast and the gain of applied voltage. 

[Drawing 12] Drawing showing the situation of transverse oscillation and longitudinal 
oscillation with the output voltage wave of the sensor polar zone when changing the phase 
contrast and the gain of applied voltage. 

[Drawing 13] Drawing showing the situation of transverse oscillation and longitudinal 
oscillation with the output voltage wave of the sensor polar zone when changing the phase 
contrast and the gain of applied voltage. 

[Drawing 14l Drawing showing the situation of transverse oscillation and longitudinal 
oscillation with the output voltage wave of the sensor polar zone when changing the phase 
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contrast and the gain of applied voltage. 

[Drawing 151 Drawing showing the situation of transverse oscillation and longitudinal 
oscillation with the output voltage wave of the sensor polar zone when changing the phase 
contrast and the gain of applied voltage. 

[Drawing 16l Drawing showing the control circuit of the rocking equipment of the gestalt of this 
operation. 

[Drawing 171 The circuit diagram showing a part of control circuit of the rocking equipment of 
drawing 16 . 

[Drawing 18l The circuit diagram and timing diagram which show a part of control circuit of the 
rocking equipment of drawing 16 . 

[Drawing 191 The circuit diagram showing a part of control circuit of the rocking equipment of 
drawing 16 . 

[Description of Notations] 

1 Oscillating Object 

2a, 2b Drive child 

4 Guide Rail as a Contact Object 

le-lh Polar zone as a signal input part for electric-mechanical energy conversion 

lg-1, lh-1 Sensor polar zone as a signal input part for machine-electrical energy conversion 

VA, VB Impression alternation electrical potential difference 

SA, SB Sensor polar-zone output voltage 

26 Microcomputer 



[Translation done.] 
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